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The determinations of the viscosity of vapours of organic compounds 
with the boiling points lower ‘than ordinary room temperature were al- 
ready made by the present author.” The similar experiment has been 
further continued for the determination of the viscosity of the vapours 
of other organic compounds such for an example as benzene, ethy! al- 
cohol, carbon tetrachloride and etc., which are in a liquid state at room 
temperature. 


Experimental Procedure. 


The measurements of viscosity were made by the traspiration method 
according to the principle devised by M. Trautz and W. Weizel,® which 
will be briefly explained by using the diagrammatical figure 1. Three glass 


bulbs A, B and C are connected to one another with glass tubes having a 
large bore, and measured quantities of mercury are placed in them, as is 
shown in the figure. The total bulb system is heated in a thermostat to 
a constant temperature T,). The lower bulb C is connected with a glass 
tubing to a preheating tube W and a glass capillary tube K, other end of 


Fig. 1. 





(1) T. Titani, this Bulletin, 4 (1929), 277; 5(1930), 98. 
(2) M. Trautz & W. Weizel, Ann. Phys., (4) 78 (1925), 305. 
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which is opened to air, both W and K being placed in another thermostat 
T. The vapour of organic compound is drawn through the capillary K 
and the preheating tube W into a space in the bulb C partially filled with 
mercury, by drawing up the mercury high enough into the bulbs A and B. 
The vapour in the bulb C is driven out, when it attains the same 
temperature as that of the thermostat T,, in the reverse direction into 
the air, by letting the mercury flow down from the upper bulbs A and B 
into the lower one C. The time ¢ required for the mercury to travel a 
distance between m, and m. which are marked on the neck of the both 
ends of the bulb B is taken, while at the same time the temperature T 
of the capillary tube K, measured in the absolute scale, is recorded. Then 
the viscosity » of the vapour at the temperature T can be calculated by 
the formula® : 
t 
T 


where K is a constant for a given apparatus so long as the temperature 
T, of the bulb system remains constant. 


9 K- 


The total apparatus is shown in Fig.2. The whole system is made 
of glass. The two bulbs A and B are of spheroidal form and the bulb 
C is a sphere having the dimensions: A 25x40 mm., B 30x50 mm. and 
C 5050 mm. respectively. The three bulbs are connected to one another 
by glass tubes 6 mm. bore, which are somewhat contracted at the points 
of two marks m, and m. and between the bulb B and C a small spheroidal 
bulb D having dimensions 1530 mm. is inserted for the reasons which 
will be mentioned below. Exactly weighted quantities of mercury name- 
ly 1000 grams, are placed in the bulb system which is sealed into a large 
glass jacket, to be heated to a constant temperature 7, by a toluene 
vapour produced in a large copper flask F. The vapour jacket support- 
ed on a strong wooden stative is covered with an asbestos plate having 
several windows for observation. The upper opening of the bulb A can 
be communicated either to a high pressure H or a suction L or it can 
aiso be opened to air M through the three stoppers X, Z or Y respective- 
ly. In a small bulb U above A are placed cotten wools in order to pre- 
vent dust particles from falling into the bulb system. The lower bulb C 
is jointed to a preheating tube W by sealing with a glass tube G 3 mm. 
bore, which is bent at three points as is shown in the figure for the 
purpose of buffering, and is heated electrically by winding it with a 
nichrom wire and by wrapping it with asbestos paper. 


(3) The derivation of this equation is referred to the original paper of M. Trautz 
and W. Weizel, loc. cit. 
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Both the preheating tube W 3mm. inner diameter and 86cm. long 
and the glass capillary tube K about 0.1 mm. inner diameter and 83 cm. 
long are bent in U-form at the points about one third the distance from 
the ends and sealed together at the ends of the shorter limbs. They are 
placed in an electrical resistance furnace, consisting of a brass pipe hav- 
ing a thick wall of 1cm. and 1.5cm. inner diameter and 68cm. long. 
The outside of the pipe is wrapped with asbestos paper and then wound- 
ed with a set of nichrom wires, which are parallel to each other and which 
have one common terminal E, at one end and two separated terminals 
E. and E; at the other end, so that they may be communicated either 
in series or in parallel and also may be used quite separately by using 
the switch board S,. In the latter two cases the current can be regulat- 
ed by the resistance R,;. The brass pipe is once more thickly covered 
with asbestos and is placed centrally in a large asbestos cylinder, the 
space between them being packed with asbestos wools. On the middle 
parts of both the outer asbestos cylinder and the inner brass tube are 
drilled holes to be used for inserting a thermometer T to measure the 
temperature of the furnace. The following device is made in order to 
minimize for the mercury column of the thermometer T not in direct 
contact with the chamber of the resistance furnace the temperature cor- 
rections which would be remarkably large at high temperatures. On the 
middle part of the column of the thermometer T is held another small 
thermometer t. These two thermometers are placed within a glass 
cylinder wrapped with asbestos paper over which a nichrom wire is 
wounded for heating purpose. Another glass cylinder of larger size 
wrapped with asbestos is placed over them. This whole system is heat- 
ed electrically by means of nichrom wire wounded over the inner glass 
cvlinder, the switch S,; and the resistance R;, to a known temperature 
which is easily read by the second thermometer t held on to the middle 
part of the first larger one T as is mentioned just before. In these two 
respective asbestos covering the two glass cylinders-are made windows 
through which reading on the thermometers is made possible. 

The end of the capillary tube K is sealed to a long glass tube V 
3mm. inner diameter, which is bent vertically downward to be connected 
to a vapourising device PQR with a ground joint J. The vertical tube 
V wrapped with asbestos has a doubly winding of nichrom wires so as 
to make electrical heating connection in series with that of the glass tube 
G by means of the switch S. and the resistance R.. The vapourising 
apparatus consists of this vertical tube V together with a bulb apparatus 
PQR, which is separately shown in the upper corner of the right hand 
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side of Fig.2. The organic liquid the vapour of which is to be investi- 
gated is placed in the bulbs PQR, which are gently warmed either with 
a small Bunsen burner or with an incandescent lamp. The loss of the 
liquid placed in the bulbs PQR through evaporation must be prevented 
and the entry of dust particles into it has to be also made impossible. 
For this purpose, over the bulb Q is fitted a water condenser whose run- 
ning water is also used to cool the bulb R. 

The lower end of the vertical tube V is placed few millimeter below 
the surface of the organic liquid in the bulb P, so that the liquid may run 
up into the vertical tube V, when we connect the upper opening of the 
bulb A to the suction L by carefully opening the stopper Z. But, as the 
tube V is electrically heated, the liquid is vapourised as soon as it run 
up into the tube V, the organic vapour thus produced being drawn 
through both the capillary and the preheating tube and finally collected 
over the mercury in the bulb C. When sufficient quantities of vapour 
are collected in the bulb C, this mixture of air and the organic vapour is 
pushed back through the capillary tube into the bulb P, by the pressure 
brought about by letting the mercury flow down first from the bulbs A 
and B to C and then by the further pressure obtained by the opening of 
the stopper X to the high pressure bulb H, which process results in bring- 
ing down the level of the mercury finally into the small bulb D. The 
organic vapour is then again drawn into the bulb C and when sufficient 
quantities of vapour get into it, they are pushed back by applying the 
pressure to the bulb C, as is mentioned above. With the repetition of 
this process number of times, the air in the whole system is gradually 
driven out by the organic vapour. As the total volume of the tube sys- 
tem is only one tenth as compared with the volume of the bulb C, the 
replacement of air with the organic vapour by means of this method is 
very easy. As a matter of fact, the time required for the mercury to 
pass a distance between the two marks m; and mz becomes practically 
constant only after repetition of such processes five times. The present 
author has repeated the process at least ten times before the beginning 
of the actual measurement. Therefore it may be quite justified in stat- 
ing that the system is filled with pure vapour of the organic compound. 

When sufficient quantities of vapour are collected over the mercury 
in the bulb C, after waiting for a while, about 15 minutes being found 
to be sufficient in addition to the time required for the collection of the 
vapour in the bulb C for the vapour to attain the temperature of the 
bath Ty, the vapour is finally driven back through the preheating tube 
W, the capillary K and vertical tube V into the liquid placed in the bulb 
apparatus PQR, with the pressure brought about by the mercury flowing 
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from the bulbs A and B down to C. The time required for the mercury 
to pass the distance between two marks m, and m, is measured by a 
stop watch and this observed value is reduced to an ideal value by adding 
some corrections which will be discussed below. The temperature T of 
the electrically heated thermostat, in which the capillary is placed, is re- 
gulated and is read every three minutes during the run and the average 
of these readings is adopted after being corrected for the exposed column, 
which is greatly diminished with the devices mentioned before. 

The whole apparatus is carefully cleaned before each experiment with 
nitric acid and chromic mixture. It is then thoroughly washed with dis- 
tilled water, alcohol and benzene and finally dried by passing dry air 
through the whole system alternatively in opposite directions. It will 
also be noted here, that when the experiment is interrupted the liquid 
in the bulb apparatus PQR must be drawn up into the one bulb R until 
the lower end of the vertical tube V becomes clear off the surface of the 
liquid. Otherwise, the liquid gets easily up into the measuring apparatus 
in the liquid form, thereby giving rise to a trouble, when the total system 
is cooled down. 


Results of Experiments. 


The viscosity » of the vapour at the absolute temperature T can be 
computed by means of the following formula: 


ss. 
7 


where t¢ is the time required for the mercury to travel a distance between 
the marks m,; and m., 7 the temperature of the capillary measured in 
the absolute scale and K a constant for a given apparatus. But as this 
formula is derived by supposing ideal conditions, some corrections have 
to be applied in the actual case either to the time ¢ or the constant K. 
The present author has applied them to the observed value of ¢t. The 
corrections to be made are as follows: 


(1) The correction due to the fluctuation of the temperature 7, of 
the bulb C from the mean value (108.0+-273.1° abs.): 
A, = +47) /T = +0.26% / +1°C. 


(2) The correction due to the fluctuation of the barometer readings 
from the mean value 760 mm. was experimentally determined and found 
to be: 

4 = +0.0122) / +1 mm. 
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(3) The correction due to the thermal expansion of the glass capil- 
lary tube when its temperature T is different from the standard tem- 
perature (115.0+273.1° abs.) : 


43 = 3a(T—388.1) = +0.002574 / +1°C., 
where a is a linear expansion coefiicient of glass. 


(4) The correction due to the kinetic energy of the vapour in the 
capillary tube has been calculated from the consideration that the amount 
of the energy lost due to the molecular friction of the vapour in the 
capillary being equal to the total energy of the vapour entering the 
capillary minus the amount of the kinetic energy possesed by the vapour 
at the outlet of the capillary tube, and it has been found to be: 


= = 0.00557 


1 V TM | ca l'.M 
K 8rl.R.T t* - 


where V is the total volume of the vapour transpired during the time f, 
! the length of the capillary, P? the gas constant, M the molecular weight 
and T the temperature of the vapour. 

(5) The correction due to the deviation from the ideal gas state 
of the organic vapour employed® : 


1 (a b) = 2(4 'e: 


4, = ' ms b) = 
RT)‘ RT» 760 3RT\ RT 760 


where a and } are constants in the van der Waals equation, T the tem- 
perature of the capillary, 7, that of the bulb C, « and £ being constants 
for a given apparatus. For the present apparatus they have been found 
to be: «a = 880, 8B = 1210. 

These corrections were made to the directly observed values of the 
time of passage t, and the reduced values of ¢ thus obtained were put in 
the formula (1) to compute the viscosity ». The constant K in eq. (1) 
was determined experimentally by using air as a standard substance 
which has given 1023 sec. at 115.0°C. to the value for reduced t. At 
this temperature the viscosity of air® is known to be » = 22341077, 
Therefore 


K= n . :¥ ” 9934 x 10 7 eae 273.1) — 0.8453 x 10-4. 


(5) The derivation of this equation is referred to the original paper of M. Trautz 
and W. Weizel, loc. cit. 
(6) T. Titani, loc. cit. 
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At the same time the apparatus has been tested by making measurements 
at several temperatures between 115.0° and 278.9°C. using air as a speci- 
men. And from these data together with those obtained in the preced- 
ing paper (loc cit.) for Sutherland’s constant 107 and for Reinganum’s 
constant 84 were obtained. Then the measurements were continued for 
the other organic compounds. 

The specimen used were all obtained from reliable commercial sources 
and carefully purified in the ordinary way. Their purity were checked 
by measuring the normal boiling points: n-pentane, 33.5°+3.2; n-hexane, 
69.0°+0.3; hexamethylene, 80.9°+0.3 ; benzene, 80.1°+0.0; methyl acetate, 
57.0°+0.2; ethyl acetate, 77.1°+0.1; ethyl ether, 34.55°+0.05; methyl al- 
cohol, 64.65°+0.95; ethyl alcohol, 78.3°+0.0; n-propyl alcohol, 97.1°+0.1; 
isopropy! alcohol, 82.25°+0.05; acetone, 56.05°+0.05; chloroform, 61.05° 
+0.05; carbon tetrachloride, 76.7°+0.0; carbon disulphide, 46.2°+0.0. 

The results of the measurements for benzene and carbon tetrachloride 
vapour are shown in Tables 1 and 2 as examples. 


Table 1. 


Benzene. 


Corrections % , 


t 
observed A, +de+35 A, . reduced 


494.3 496.1 
569.6 573.6 
660.6 -0, 666.8 
737.8 —0. +0. 745.5 
828.6 ! +1. 839.9 
909.6 —0. 923.4 
1017.4 1034.7 


Table 2. 


Carbon tetrachloride. 


Corrections % 


observed 3,+4.+3, A, 


630.2 —0.02 
759.7 +0.08 
865.1 +0.17 
993.9 +0.30 
1168.1 + 0.39 
1299.0 + 0.50 
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The results of the experiments are tabulated below, together with 
the calculated value of viscosity either with the Sutherland’s or with 
Reinganum’s formula: 


VT 


J 


n= K (Sutherland) 


(Reinganum) 


The constants K, C in eq. (4) and K’, C’ in eq. (5) were computed by 
means of the method of least square from the observed data of viscosity. 
The agreement with the observed values is found to be equally good in 
both cases. 


Table 3. 


Air. (Free from carbon dioxide and moisture). 


K = 144.4x«10-7, C = 106.8; K’ 140.8 «1077, C’ = 84.3 


"x 10 
Temperature 


Centigrade Otiliies Calculated Calculated 


(Sutherland) (Reinganum) 


20.0°) 1809 1812 1809 
40.0 1897 1906 1904 
60.0 2007 1999 1996 


80.0 2079 2084 2085 
100.0 2169 2169 2171 
115.0 2234 2231 2233 


133.0 2302 2305 2306 
135.1 2315 2313 2315 
175.2 2480 2470 2471 


227.1 2665 2662 2662 
278.9 2835 2843 2841 


(7) The data between 20.0° and 100.0°C. were taken from the preceding paper. 
{T. Titani, loc. cit.). 





K == 90.30 10, C = 


Temperature 
Centigrade 


121.6 
158.9 
189.6 
219.1 
249.5 
277.1 


305.9 


K 92.16 «10-7, C 


Temperature 
Centigrade 


120.7° 
160.8 
138.9 
220.1 
248.0 
280.4 


306.6 


K 86.95 > 


Temperature 
Centigrade 


121.7° 
154.0 
188.3 


218.1 
248.9 
278.5 


306.4 


Hexamethylene (Cyclohexane). 


10~*, 


T. Titani. 


Table 4. 


Normal pentane. 


Observed 


911 

995 
1064 
1126 
1191 
1250 
1307 


382.8; K’ 


Table 5. 


78.32 «1077, C’ 


4x10 


Calculated 
(Sutherland) 

91] 

995 
1063 
1127 
1192 
1249 
1308 


Normal hexane. 


Observed 


806 
958 
1021 
1088 
1144 
1213 


1265 


Observed 


913 
987 
1064 


1124 
1189 
1245 


1305 


436.1; K’ 


Table 6. 


t: 350.9; K’ 


77.83 «1077, C’ 


“x 107 


Calculated 
(Sutherland) 
8€8 
257 
1019 
1086 


1145 
1213 


1266 


76.56 « 1077, C’ 


" X lu! 


Calculated 
(Sutherland) 
915 
987 
1061 
1124 


1188 
1248 


1304 


12.4 


Calculated 


(Reinganum) 


909 

996 
1065 
1129 
1193 
1249 
1306 


= 228.3 


Calculated 
(Reinganum) 
865 
958 
1021 


1088 
1147 
1212 


1264 


201.6 


Caiculated 
(Reinganum) 

913 

987 
1063 
1126 
1189 
1248 
1302 
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Table 7. 
Benzene 


K = 108.210, C = 447.5; K’ = 90.8110, C’ = 231.2 


Temperature , xX 10° 
Centigrade Calculated Calculated 


Observed - ; 
_(Sutherland) (Reinganum) 


131.2° 1031 1033 1031 
161.3 1110 1111 1112 
194.6 1198 1196 1198 
221.9 1266 1265 1267 
252.5 1343 1340 1241 
279.9 1404 1407 1406 


312. 1484 1485 1482 


Table 8. 
Methyl! acetate. 


K = 122.910, C = 601.8; K’ 100.4 10-7, C’ = 245.9 


Temperature " x 10° 
Centigrade Calculated Calculated 


(Sutherland) (Reinganum) 


1139 1137 1136 
1236 1235 1236 
1348 1348 1351 
1429 1429 1431 
1508 1509 1509 
1583 1586 1582 


Observed 


Table 9. 


Ethyl acetate. 


114.7 «K 107, C 504.0; K’ 93.58 


Wn %, 107 

Temperature 

Centigrade Chemtuead Caiculated Calculated 

sissies (Sutherland) (Reinganum) 

128.1° 1018 1018 1015 
158.6 1098 1099 1100 
192.9 1195 1189 1192 
218.3 1250 1255 1257 
248.6 1332 1332 1334 
280.1 1409 1411 1411 


313.7 1497 1495 1491 
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Table 10. 


Ethy] ether. 
K = 100.3 «10-", C = 404.0; K’ = 86.36 1077, C’ = 220.5 


Temperature " X 10 


Centigrade 2 aia Calculated Calculated 
Observed (Sutherland) (Reinganum) 


121.8° 983 985 982 
159.4 1079 1079 1079 
189.9 1152 1153 1154 


217.7 1222 1219 1221 
251.0 1300 1297 1298 
277.8 1358 1358 1359 


308.9 1425 1428 1427 


Table 11. 
Methy! alcohol. 
K = 145.7 10-7, C = 486.9; K’ = 119.0 10-7, C’ = 237.8 


Temperature nx 10 
Centigrade : Calculated | Calculated 
Observed (Sutherland) | (Reinganum) 


111.3° 1259 1260 1257 
153.9 1408 1407 1409 
188.8 1527 1525 | 1529 


217.5 1620 1620 1624 
250.0 1725 1726 1728 
277.6 1815 1815 1813 


311.5 1921 1922 1916 


Table 12. 
. Ethy!] alcohol. 
K = 117.610-’, C = 407.3; K’ =101.2« 10-7, C’= 222.3 


4 xX 107 
Calculated Caleulated 
___(Sutherland) (Reinganum) 


130.2° 1173 1175 1170 
170.7 1293 1292 1293 
191.8 1355 1352 1353 


217.5 1421 1423 1426 
251.7 1519 1517 1520 
278.2 1585 1588 1588 


308.7 1670 1669 1667 


Temperature 


Centigrade Observed 
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Table 13. 
Normal propy! alcohol. 
K = 119.1107, C = 515.6; K’ = 95.50 x10, C’ = 
4X 10° 
Temperature 


Centigrade Calculated Calculated 
Observed (Sutherland) (Reinganum) 


121.7 1025 1026 1024 
149.0 1102 1102 1102 
179.8 1186 1185 1187 

* 209.7 1267 1266 1267 
243.2 1350 1354 1354 
273.0 1434 1432 1429 


Table 14. 


Iso-propy! alcohol. 


K = 113.210, C = 459.9; K’ = 94.13 x10, C’ = 233.0 


“xX 107 
Temperature 
Centigrade - Calculated Calculated 
Observed (Sutherland) (Reinganum) 





119.2° 1028 1032 1030 
121.3 1034 1038 1036 
138.4 1084 1085 1084 


149.2 1112 1114 1114 
169.4 1169 1168 1170 
190.7 1231 1224 1227 


192.9 1237 1230 1233 
198.4 1248 1245 1247 
218.3 1299 1297 1299 


235.1 1340 1340 1342 
251.1 1382 1381 1382 
279.2 1450 1452 1451 


293.1 1488 1487 1484 
307.9 1517 1523 1619 
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Table 15. 
Acetone. 


K 119.2« 1077, C 


Temperature 
Centigrade Calculated Calculated 


Observ ec - : 
, ved (Sutherland) (Reinganum) 


991 992 937 
1101 1102 
1184 1186 


1255 1258 
1334 1336 
1414 1414 


1484 1481. 


Table 16. 
Chloroform. 
K 132.9 <x 1077, C 373.0; K’ 115.4 


" x10 

femperature 

Centigrade eed Calculated Calculated 
ia (Sutherland) (Reinganum) 


121.3° 3 1356 354 
161.3 ‘ 1490 1492 
189.1 575 1581 1584 
218.7 ) 1676 1678 
250.0 76 1774 1775 
279.4 ; 1865 1863 
397.5 ¢ 1950 1945 


Table 17. 
Carbon tetrachloride. 


10-7, C = 365.4; K’ = 110.9 10~, C’ = 205.6 


q % 07 
Temperature 1 x 20 
Centigrade Calculated Calculated 


Observed (Sutherland) (Reinganum) 


127.9° 1334 1332 331 
169.3 1463 1464 1466 
200.2 1562 1561 1563 


237.2 1669 1673 1675 
282.2 1808 1807 1805 
314.9 1902 1901 1896 
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Table 18. 
Carbon disulphide. 


K 151.1 «1077, C 499.5; K’ 122.7 «1077 


10 
Temperature 
Centigrade _—— Calculated Calculated 
Sse ec . 
(Sutherland) (Reinganum) 


1299 1296 
1436 1438 
1565 1570 
1695 1698 


1826 1826 
1965 1959 


Some results of the present author are compared with those of the 


other observers. The values of viscosity observed by the author at 100°C. 
are listed together with those of the other observers in Table 19. 


Table 19. 


Viscosity at 100°C. 10-7 
Substance Author’s Other observers’ 


Normal pentane 859 841 (Bleakney 1932) ) 

Norma! hexane 818 - 

Hexamethylene 864 889 (Nasini 1929)() 

( 1176 (Schumann 1884)(0) 
930 (Rappenecker 1910)() 
940 (Nasini 1929) 

Methy] acetate 1008 1015 (Rappenecker 1910) 

Ethy! acetate 939 955 ( ’ ) 
Ethyl ether 927 f aa Neato nay ol 

- { Joi appenecker 

Methy! alcohol 1218 - - 

7 oo ‘ 1088 (Pedersen 1907) 
Ethyl alcohol 1082 { 1090 (Rappenecker 1910) 
Normal propy] alcohol 964 
Iso-propy! alcohol 977 
Acetone 936 943 (Rappenecker 1910) 


Benzene 947 


(8) Bleakney, Physics, 3 (1932), 123. 

(9) Nasini, Proc. Roy. Soc. London, A123 (1929), 692. 
(10) Schumann, Wied. Ann., 23.(1884), 353. 

(11) Rappenecker, Z. physik. Chem., 72 (1910), 695. 
(12) Pedersen, Phys. Rev., 25 (1907), 225. 
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Table 19.—(Concluded) 


Substance Author’s Other observers’ 





. ‘ { 1307 (Rappenecker 1910) 
Chloroform iaeh \ 1244 (Braune & Linke 1930)(1®) 
‘ , f 1164 ( ) 
Carbon tetrachloride 1238 \ 1203 (Sperry & Mack 1932)(1# 


Carbon disulphide 1245 1218 (Bleakney 1932) 


The agreement between the values of the author and those of the other 
observers is generally good except few cases. 

The Sutherland’s and Reinganum’s constants obtained by the author 
are listed in Tables 20 and 21 respectively, together with those reported 
by the other observers. Large differences between the values of the author 
and those of the other observers are often found. But it must be taken 


Table 20. 


Sutherland’s constants. 


Substance Author’s Other observers’ (15) 





Normal pentane 383 299 (Bleakney 1932) 
Normal hexane —— 
Hexamethylene 330 (Nasini 1929) 
Benzene | El 
Methyl acetate 660 (Rappenecker 1910) 
Ethyl acetate ( 650 ( -_ ) 
Ethyl ether 325 ( ) 
Methy] alcohol - 

Ethyl alcohol 525 (Rappenecker 1910) 


Normal propy] alcoho! —— 
Iso-propy! alcohol _———— 


Acetone 670 (Rappenecker 1910) 
f 292( a ) 
Chloroform \ 462 (Braune & Linke 1930) 
" : : 492 ( 9 ) 
Carbon tetrachloride { 336 (Sperry & Mack 1932) 


Carbon disulphide 


(13) Braune and Linke, Z. physik. Chem., A148(1930), 195. 
(14) Sperry and Mack, J. Am. Chem. Soc., 54(1932), 904. 
(15) loc. cit. 
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Table 21. 


Reinganum’s constants. 
Substance Author’s Other observers’ (!6) 


Normal pentane 212 

Normal hexane 228 

Hexamethylene 202 

Benzene 231 260 (Rappenecker 1910) 
Methy] acetate 246 258 ( 99 ) 
Ethyl acetate 246 260 ( m ) 
Ethyl ether 221 180 ( 9” ) 
Methyl alcohol 238 

Ethyl] alcohol 222 210 (Rappenecker 1910) 
Normal propy] alcohol 244 - 

Iso-propy! alcohol 233 

Acetone 255 251 (Rappenecker 1910) 
Chloroform 208 173 ( ” ) 
Carbon tetrachloride 206 

Carbon disulphide 241 


into consideration that in determining the values for Sutherland’s and 
Reinganum’s constants, the method based on the data at few successive 
temperatures, as was done by Rappenecker, would be more liable to lead 
to great errors than the method in which a greater number of observa- 
tions are made. 

J. Arnold® has recently pointed out that the Sutherland’s constants 
can be calculated from the viscosity determination at a single tempera- 
ture T by the use of the molecular diameter calculated from the mole- 
cular volume Vz at boiling point, according to the formula: 


C* = 2.70 10 (M2 T?/nV3)—T 


where M means molecular weight. The values of C* calculated from the 
viscosity data at 100°C. are listed in Table 22 together with the values 
of C computed by the ordinary method. The agreement between C and 
C* is generally good, average deviation being 5%, except few cases 
i.e. hexamethylene, methyl alcohol, chloroform and carbon tetrachloride. 


(16) Rappenecker, loc. cit. 
(17) J.H. Arnold, J. Chem. Phys., 1(1933) 170. 
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Table 22 contains also the values of Sutherland’s constants calculated ac- 
cording to the rules of Rankine“) and Vogel, the Sutherland’s con- 
stant being found to be roughly proportional either to the critical tem- 
perature 7’, or to the boiling point 7';, both of which are measured in the 
absolute scale; 

C= T7Tx/1.12 (Rankine) 


C=1.47Ts (Vogel) 


Table 22. 


Sutherland’s constants. 
Substance , TK /1.12 


Normal pentane 38° 420 
Normal! hexane 454 
Hexamethylene 494 
Benzene 501 
Methyl acetate 453 
Ethyl acetate 467 
Ethyl ether 417 
Methyl! alcohol 458 
Ethy! alcohol 461 
Normal propy! alcohol 479 


Iso-propy! alcohol 461 
Acetone | 454 
Chloroform 479 
Carbon tetrachloride 496 


Carbon disulphide 494 





The agreement with the observed values seems to be_ better for the 
Rankine’s formula than for that of Vogel. 


Collision Diameter. 


The collision diameters of the molecules were computed by using the 
following equations all of which are derived from the kinetic theory of 
gases™ ; 


(18) Rankine, Proc. Roy. Soc. London, A 84 (1910), 181. 
(19) Vogel, Ann. Phys., 43 (1914), 1235. 
(20) Kuenen, ,,Die Eigenschaften der Gase“, (1919), p. 136. 
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5 P | § , 1019250 x 20619 


or d T d 


327 » x 30619 
5rdi 0.49 x Mxii 


1 


» (m= 2.010") 
Vv 2nrlF(T) 


where F(T) = 14 (Sutherland) 


bud 


or F(T) = e7 (Reinganum) 
and the symbols in the equations have the following meanings: 


uw: mean velocity of the molecule at 100°C., 

p: atmospheric pressure, 

d: density of the vapour at 100°C. and under the atmospheric 
pressure, 

M: molecular weight, 

1: mean free path of the molecule at 100°C. and under the atmos- 
pheric pressure, 
viscosity of the vapour at 100°C., 
collision diameter of the molecule, 
number of molecules contained in 1 ¢.c. at 100°C. and under the 
atmospheric pressure. 


The results of the calculation are listed in Tables 23 and 24, where 
o,means the molecular diameter calculated by the use of the Sutherland’s 
formula (12) and oc, that of Reinganum (13). The molecular diameter 
can also be computed from the constant ) in the van der Waals equation @ 
namely: 

3 Ob 


Oy, - , (Na = 6.06 x 10”) 
2 Nat 


where N, means the Avogadro’s constant. The values o, are given in 
the forth column of Table 24, and it will be seen in most cases that o, 
is nearly equal to ag. The last column of Table 24 contains the cube 
root of the molecular volume Vgat boiling point, which may be propor- 
tional to og, as it was already pointed out in the preceding paper™. It 


(21), (22) T. Titani, loc. cit. 
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Table 23. 


Substance 


Normal pentane | 33100 
Normal hexane 30290 
Hexamethylene 30650 


Benzene 31820 
Methyl acetate 32660 | 
Ethy] acetate 29950 | 


Ethyl ether | 32660 
Methy] alcohol | 49660 
Ethy] alcohol | 41420 | 


Normal propy! alcohol 36270 
Iso-propy! alcohol | 36270 
Acetone | 36890 


Chloroform 25720 
Carbon tetrachloride | 22660 
Carbon disulphide | 82220 


| 


Table 24. 


Cube root 
os X 108 oR X 108 ap x 10° of Mol. Vol. 


Substance t B.P 
(Sutherland) (Reinganum) (From b) » P Vg , 
b S 


Normal pentane 5.00 5.35 4.86 4 90 
Normal hexane 5.18 5.61 5.18 5.19 
Hexamethylene 5.19 5.63 4.83 4.88 


Benzene 4.66 5.07 4.56 4.58 
Methyl acetate 4.32 4.76 4.46 4.38 
Ethyl acetate 4.67 5.15 4.81 4.73 


Ethyl] ether 4.78 5.13 4.73 4.74 
Methy] alcohol 3.21 3.55 3.75 3.50 
Ethy] alcohol 3.92 4.21 4.05 3.96 


Normal propy] alcohol 4.16 4.63 4.42 4.34 
Iso-propy! alcohol 4.27 4.66 4.26 4.33 
Acetone 4.12 4.59 4.19 4.26 


Chloroform 4.67 5.01 4.32 4.39 
Carbon tetrachloride 5.09 5.44 4.64 4.70 
Carbon disulphide 3.92 4.34 3.93 3.96 
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is actually the case for most compounds listed in Table 24 except few 
cases. The compounds whose molecules are of extremely non-polar na- 
ture, such as hexamethylene, chloroform and carbon tetrachloride seem 
to give og too large a value as compared with o, or  Vs-10-®. However, 
for the compounds of strong polar nature such as methyl alcohol the 
reverse is the case. These differences must result either from the func- 
tion F(T) in eq. (11) or more directly from the Sutherland’s constant 
C in F(T), which measures the work required to separate two molecules 
from each other against the intermolecular attraction. 

The collision diameter of benzene seems to be interesting in relation 
to its magnitude. It has become clear not only from the X-ray crystallo- 
graphical study but also from the thermochemical investigations that the 
benzene nucleus is the same as the hexagonal carbon atom lattice in gra- 
phite, the length of the one side of this hexagonal model being found to 
be 2.45 A. Therefore, its diameter is equal to 22.45 — 4.9 A, when we 
assume the model to have a regular form. This value is very nearly 
equal to the collision diameter of benzene, o— 4.7—5.1 A deduced from 
the viscosity measurement in the present research. 

The experimental part of the present research was carried out be- 
tween April 1929 and April 1930 in the Katayama Laboratory of the 
Institute of Physical and Chemical Research, Hongo, Tokio. The delay 
of the publication is mainly due to the trip which the author made in 
Europe. 

The author wishes to express his cordial thanks to Prof. Katayama 
for his interest and encouragement taken in this research. 


Summary. 


(1) An apparatus, based on the principle of Trautz and Weizel, 
was constructed for measuring the viscosity of vapours. 

(2) With this apparatus the viscosity of vapours of the following 
substances were measured at temperatures between about 120° and 
300°C.: air, n-pentane, n-hexane, hexamethylene, benzene, methyl] acetate, 
ethyl acetate, ethyl ether, methyl alcohol, ethyl alcohol, n-propyl alcohol, 
iso-propyl alcohol, acetone, chloroform, carbon tetrachloride and carbon 
disulphide. 

(3) From these measurements the constants of both Sutherland and 
Reinganum as well as collision diameters of molecules were calculated. 

(4) The collision diameters calculated from viscosity data were 
found to be nearly equal to those computed from the constants b in the 
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van der Waals equation and they came out to be proportional to the cube 
roots of molecular volumes at boiling points, as was already pointed out 
in the preceding paper except few cases. 


(5) Values obtained for collision diameters of non-polar compounds 
such as carbon tetrachloride and hexamethylene seem to be too large and 
those for strong polar compounds such as methyl alcohol too small as 
compared with the values of molecular diameters computed from b or 
from the molecular volumes at boiling points. 


Chemical Laboratory of the Osaka 
Imperial University, 
Nakanoshima, Osaka. 


June, 1933. 


A SYNTHESIS OF DIHYDROISOOSTHOL. 
NOTE ON THE CONSTITUTION OF OSTHOL. 


By Masataro YAMASHITA. 


Received July 20th, 1933. Published September 28th, 1933. 


A fish-poison, Osthol, was first isolated from the root of Imperatoria 
Ostruthium by Herzog and Krohn™, who, however, did not determine 
its constitution. This (1) was suggested last year by Butenandt and 
Marten®), from its relation to peucedanin (II) and from the formation 
of acetone and ostholic acid (III) by its oxidation with chromic acid. 


HC ch. CH 
HCY \“ \CH,-CH=CZ H,cO.—_’ \“ “cH 
NCH; HC. | | | 

Aye anf Pal 

ry (1.) 3 O (I1.) 

CH 
HOOC-H.cC7 \“ ‘cH 
| 


H,CO 


oe a 
(III) 


The present work has been undertaken to synthesise dihydro-osthol 
in the following scheme :— 


(1) Arch. Pharm., 247 (1909), 553. 
(2) Ann., 495 (1932), 187. 





1933] A Synthesis of Dihydroisoosthol. Note on the Constitution of Osthol. 


y JH 
CH, )—CO-CH;-CH ¢ 

| ‘CH; 
CH, HO. /OH 


+ NC—CH,-CHZ 


(VL.) 


Jf~ /CH; y ss CH 
/ \—CH,- CH: CH¢ 3 -CH,: CH,-CH< 
‘CH; | NCH; 
/ OH ; \ JOH 


(VII.) (VIII.) 


CH 
—CH,-CH,-CH d 
‘CH; 
_ ) OCH; 
(IX.) 


In 1926, Dohme and his collaborators® synthesised the ketone (VI) 
by means of a condensation of isovaleric acid with resorcinol in the pre- 
sence of zinc chloride. The present author attempted to synthesise it 
by condensing resorcinol with isovaleronitrile by the Hoesch reaction. 
However, when dry hydrogen chloride gas was passed into a mixture of 
isovaleronitrile and resorcinol in ethereal solution in the presence of zinc 
chloride, neither precipitate nor oily substance was separated. This 
phenomenon is very different from the ordinary Hoesch reaction. After 
hydrolysing the reaction product, many attempts were made to obtain 
the desired ketone in the crystalline state, but without success. In order 
to prove the presence of the ketone, the crude product was converted into 
its oxime, m.p. 203—205°C. As Dohme and his collaborators® had not 
synthesised this oxime, the present author synthesised ketone (VI) ac- 
cording to their method, and converted it into its oxime for comparison’s 
sake. Both the oximes melted at the same temperature, and no depres- 
sion of the melting point was caused on mixing them. The formation 
of 2: 4-dihydroxypheny] isobutyl ketone having been thus confirmed, the 
crude ketone was next reduced to 2: 4-dihydroxyisovaleryl benzene (VII) 
by means of amalgamated zinc and hydrochloric acid, and the resulting 
compound was converted into 6-isoamyl-7-hydroxycoumarine (VIII) ac- 
cording to the Pechmann reaction. 6-Isoamyl-7-hydroxycoumarine was 
finally methylated with diazomethane or with methyl iodide and caustic 
alkali, when 6-isoamyl-7-methoxycoumarine, m.p. 61-62°C. was obtained. 
This melting point differs by about 20°C. from that of dihydro-osthol. 


(3) J. Amer. Chem. Soc., 48(1926), 1690. 
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The constitution of dihydro-osthol appears therefore to be different from 
that of (IX) as suggested by Butenandt and his collaborator. This 
fact receives strong support from the recent work of Spath and Peste, 
who advanced the view that osthol has the structure (X) in contrary to 
formula (1), for they isolated 2: 6-dihydroxytoluene as its decomposition 
product. 


4 
H;C CH; 


The present author proposes to designate the synthetical 6-isoamyl- 
7-methoxycoumarine as “dihydroisoosthol.” 


Experimental. 


2:4-Dihydroxyphenyl Isobutyl Ketoxime, C,HsC (=NOH) C.Hs (OH)2. 
Isovaleronitrile (3.3 gr.) and resorcinol (3 gr.) were dissolved in 40 c.c. 
of absolute ether, and after adding two grams of freshly fused and 
powdered zinc chloride, a gentle stream of dry hydrogen chloride was 
passed into the mixture. The ethereal solution was first separated into 
two layers. The upper layer was colourless, whilst the lower one was 
reddish. After a short time, the former was redissolved in the latter, 
and the solution became viscous and reddish. After the solution has 
been saturated with hydrogen chloride, it was allowed to stand over- 
night, and the ether was then evaporated. The oily residue was warmed 
with 50 c.c. of water on a water-bath for half an hour, and, after cool- 
ing, the product was extracted several times with ether, and the ethereal 
solution was washed with water, dried, and evaporated. The oily sub- 
stance (A) thus separated was dissolved in a concentrated solution of 
potassium hydroxide (10gr.), mixed with a concentrated solution of 
hydroxylamine hydrochloride (6 gr.), and allowed to stand overnight. 
The mixture was acidified with dilute hydrochloric acid, when a precipi- 
tate (0.6 gr.) was deposited. It was recrystallised from dilute methyl 


(4) Ann., 495(1932), 187. 
(5) Ber., 66(1933), 754. 





1933] A Synthesis of Dihydroisoosthol. Note on the Constitution of Osthol. 279 


alcohol with the addition of animal charcoal, from which it separated in 
the form of colourless plates, m.p. 203-—205°C. 


Anal.: Subst. = 5.694 mg. N. = 0.325 ¢.c. at 15°C. and 757.7 
Found: N = 6.80%. 
Cale. for CuH::0:N: N = 6.73%. 


It is soluble in acetone and in alcohol, but only slightly so in benzene, 
and insoluble in chloroform, carbon tetrachloride, water and ether. Its 
alcoholic solution gave a violet coloration with ferric chloride. 


The ketone prepared by the method of Dohme and his collaborators 
was converted into the oxime under the same conditions as those in the 
above experiment, when the oxime melted at 203-—205°C., and no depres- 
sion of the melting point by admixture with the above-mentioned oxime 
resulted. 


2: 4-Dihydroxy-isoamylbenzene (VII). The crude oil (A) was re- 
duced with zinc amalgam and hydrochloric acid by the same method as 
that used by Dohme and his collaborators®. The purified substance 
melted at 61-62.5°C. Dohme and his collaborators gave 61-62.5°C. as 
its melting point. 


6-Isoamyl-7-hydroxycoumarine (VIII). Seven grams of 2: 4-dihy- 
droxy-isoamylbenzene were thoroughly mixed with 5.5 gr. of malic acid, 
and, to this mixture, 12c.c. of concentrated sulphuric acid (D. 1.84) 
were added. The whole was warmed for a short time on a sand-bath, 
which had been previously heated. After the reaction mixture had been 
cooled, it was mixed with finely crushed ice and allowed to stand over- 
night, when it solidified to a greyish mass. It was separated by decanta- 
tion, well washed with water, and recrystallised several times from dilute 
methyl alcohol with the addition of animal charcoal, from which it sepa- 
rated in the form of colourless needles, melting at 108-110°C. The yield 
was 5.1 gr. after one crystallisation. 


Anal.: Subst. = 3.487; CO. = 9.223; H.O = 2.11 mg. 
Found: C = 72.24; H = 6.80%. 
Cale. for CuHwO;: C = 72.387; H = 6.94%. 


6-Isoamyl-7-methoxycoumarine (Dihydroisoosthol) (1X). 


(1) An ethereal solution of diazomethane prepared from 2c.c. of 
nitrosomethylurethane was added to a methyl alcoholic solution of 0.2 gr. 
of 6-isoamyl-7-hydroxycoumarine and allowed to stand for a short time 


(6) J. Amer. Chem. Soc., 48(1926), 1691. 





280 T. Ishikawa. [Vol. 8, 


After the removal of the solvents from the reaction mixture, the re- 
sinous residue was digested with a dilute solution of caustic alkali, and 
allowed to stand for two or three hours, when the methylated product 
was separated as a precipitate, which was collected, washed with water, 
and recrystallised from dilute methyl alcohol with the addition of animal 
charcoal. 

(2) 6-Isoamyl-7-hydroxycoumarine (0.2 gr.), methyl iodide (1 gr.), 
potassium hydroxide (0.05 gr.) and methyl alcohol (5c.c.) were mixed 
and boiled for two hours under a reflux condenser. After the removal 
of the alcohol, the resinous reaction mixture was purified in the same 
way as (1). 

The purified specimen in each experiment crystallised in the form 
ef colourless plates, m.p. 61-62°C. 

Anal.: Subst. = 3.260; CO. = 8.769; H.O = 2.224 mg. 
Found: C = 73.36; H = 7.63%. 
Cale. for CsH1O3: C = 73.12; H = 7.37%. 

In conclusion, the present author wishes to express his hearty thanks 
to Professor Hiroshi Nomura for his kind guidance and encouragement 
during this investigation. 


Chemical Institute, Facuity of Science, 
Imperial University of Tohoku, Sendai. 


A VISCOSITY FORMULA FOR BINARY MIXTURES, THE 
ASSOCIATION DEGREES OF CONSTITUENTS BEING 
TAKEN INTO CONSIDERATION. VII. 

By Tetsuya ISHIKAWA. 


Received June 23rd, 1933. Published September 28th, 1933. 


In the earlier communication of the study on this subject™ the writer 
has shown that the viscosity of binary mixtures showing a maximum 
against the concentration, such as systems CH;COOH-—H.0O, CH,OH-H.O, 
and C.H;,OH—-H.0O, can be explained with quite satisfaction by postulating 
the difference (8) of measured viscosity (7) from that calculated from his 
viscosity formula for chemically indifferent mixtures (%) or “the solva- 


(1) This Bulletin 4(1929), 25. 
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tion viscosity” to be proportionate to the encounter probability of », and 
ve molecules of the components to form a molecular compound. Thus, 


7= +6, 
222m 
kya,(1—Zm) + kod22m 


5 = C(1—Zm) "Zn", 


% = + (%—N) 


where 7, a, k with suffixes 1 and 2 signify the viscosity coefficients, the 
association degrees and field constants of components 1 and 2 respective- 
ly; Zm a formal molar fraction of component 2; and C a proportional 
constant. 

According to this theory the criterion for determining the composi- 
tion of a molecular compound is not the position of the maximum often 
shifting with temperature which has given annoyance to many earlier 
investigators, but the keeping constancy of the proportional constant C 
which strictly holds good for viscosity isotherms so long as the molecular 
compound exists in the mixture. 


Dependence of the Field Constant k on Temperature. 


Before entering into further study on the proportional constant C, 
it is necessary to test the dependence of the field constant on tempera- 
ture. Since association degrees of liquids are functions of temperature, 
the mixtures which are to be taken for test of the proposition are those 
which must be composed of two non-associated and chemically indifferent 
liquids. The following case studied by Meyer and Mylius® is very favor- 
able for this purpose. 

The fact that is readily understood from Table 1 is that the 
field constant of any liquid is independent of temperature or other- 
kote 
kya 
which changes with temperature is the ratio of the association degree of 
component 2 to that of component 1. So that, for such pairs as are 
composed of liquids having the same temperature coefficient of the asso- 


wise it has the same temperature variation, and that the factor in 


ciation degrees, the term a 2 is of course independent of temperature 
010 
and the above equation which originally holds true for viscosity isotherms 


is also valid for any temperature. 


(2) J. Meyer & B. Mylius, Z. physik. Chem. 95 (1920), 349. 
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Table 1. 
C,;H,—-C,H;Br, Meyer & Mylius. 


z—C,H;Br 0°c, 10°C. | 20°C. | 30°C. | 40°C. 70°C. 


| 50°C. | 60°C. 


0.00564 | 0.00503 | 0.00443 


0.00000 | 0.00912 | 0.00758 | 0.00652 0.00392 | 0.00358 


" 0.00976 | 0.00827 | 0.00703 0.00616 | 0.00546 | 0.00487 | 0.00488 0.00398 


0.24746 ke tte | 
— 0.46 0.38 0.43 0.39 0.44 | 0.50 0.39 


kya, 
} 


% 0.01115 | 0.00926 | 0.00788 | 0.006365 | 0.00603 0.00567 


0.50238 + koa, 
—3 0.49 | 0.47 | 0.41 | 0.41 0.37 | 0.52 | 





0.00500 | 0.00448 


0.48 0.44 


ky a, 


| } } | 
q | 0.01257 | 0.01059 | 0.00915 | 0.00803 | 0.00709 | 0.00636 | 0.00579 | 0.00524 


0.74746 ( kya, 


indi 0.43 | 


0.45 0.45 0.44 0.46 42 0.45 0.44 


1.00000 0.01515 | 0.01282 0.01117 | 0.00979 | 0.00872 | 0.00794 | 0.00719 0.00652 


| 
| 


Mean (2 @ 0.44 0.46 0.41 0.43 0.40 0.46 | 0.48 0.42 


Table 2. 
CH,OH-C.H-:OH, Bingham, White, Thomas, & Cadwell. 


25°C. 35°C. 45°C. 55°C. 
2—C,H,OH 
f ke As 


\ ky ay 


ko dy 1 koa 


\ kya, /z 


ko A» 
k, a; ’z 


0.0000 


0.2616 


0.4960 


0.7385 


1.0000 


0.00548 


0.00639 


0.00737 | 


0.00880 


0.91099 


Mean 


0.00476 
0.00552 
0.00635 | 
0.00746 


0.00917 


0.00420 


0.00481 


0.00548 


0.00636 


0.00766 


0.00371 


0.00423 


0.00476 


0.00546 


0-00645 
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Table 3. 


0.96 zm 


H.O—CH:0H ° Traube.” % = + (%—) > . 
(1—2m) +0.96 2m 


z—CH;0H 0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.80 1.00 


2m—CH;0H 0.0000 | 0.0588 | 0.1283 0.1943 | 0.2727 | 0.3601 | 0.4576 | 0.6925 | 1.0000 | 


0.01035 0.01338 | 0.01639 | 0.01829 | 0.01881 | 0.01816 | 0.01629 | 0.01142 | 0.00607 
— | 0.01011 | 0.00984 | 0.00955 | 0.00922 | 0-00885 | 0.00844 | 0.00742 — 
20°C. Z | 0.00327 | 0.00655 | 0.00874 | 0.00959 | 0.00931 | 0.00785 | 0.00400 


- | 0.063 0.069 0.069 | 0.067 0.063 |0.0§8 | 0.063 
(l—Zm)* 2m | i 
Mean 0.065 


‘ 0.00819 | 0.01056 0.01240 | 0.01378 | 0.01417 | 0.01378 | 0.01273 | 0.00933 | 0.00541 | 
no — | 0.00803 0.00786 | 0.00767 | 0.90745 | 0.00722 | 0.0C695 | 0.00629 
| 0.00253 | 0.00454 0.00611 0.00672 | 0.00666 | 0.00578 | 0.00304 


é | 0.049 | 0.048 | 0.048 0.017 | 0.045 | 0.043 | 0.046 
Zm)* 2m | 
Mean 0.047 


h 0-00668 | 0.00823 , 0.00960 | 0.01064 | 0.01091 | 0.01073 | 0.01004 | 0.00769 0.00463 
no - 0.00656 | 0.00644 | 0.00629 0.60614 | 0.00596 | 0.00576 0.00528 
é 0.00167 | 0.00316 | 0.00435 | 0.00477 | 0.00477 | 0.00428 0.00241 


: 0.032 0.033 0.035 0.033 0.032 0.032 (0.037) 
2m)" 2m 
Mean 0.033 


" 0.00566 | 0.00688 | 0.00788 | 0.00867 | 0.00884 | 0.00875 | 0.00817 | 0.00650 

vo — | 0.00557 | 0.00547 | 0.00536 | 0.00524 | 0.00510 | 0.00494 | 0.00457 

é | 0.00131 | 0.00241 | 0.00881 | 0.00360 | 0.00365 | 0.00323 | 0.00193 
| 


| | | | 
: . 0.025 | 0.025 0.026 0.025 0.025 | 0.024 | (0.030) 
2m)" 2m | | | 

Mean | 0.025 


0.00495 | 0.00565 | 0.00645 | 0.00699 | 0.00717 | 0.00780 | 0.00685 | 0.00569 | 0.00361 | 


— | 0.00487 | 0.00479 | 0.00470 | 0.00460 | 0.00448 | 0.00435 | 0.00403 - 
60°C. 0.00078 | 0.C0166 | 0.00229 0.00257 0.00282 | 0.00250 | 0.00166 


(0.015) | 0.018 0.018 | 0.017 0.019 | 0.019 (0.025) 


(1—Zm)?Zm | 
Mean | 0.018 |*¢ 


(3) J. Traube, Ber. 19 (1886), 871. 
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Table 4. 


H.:O—C2H;OH, International Critical Tables, V, 22. 


0.70 2m 
(1— 2m) +0.702m — 


z—C,H;OH 0.00 0.10 , 0.20 | 0.30 | 0.40 | 0.50 0.60 | 0.70 | 0.80 | 0.90 | 1.00 


Mm = 1+ (%—%) 


Zm—CzH;OH 0.0000 0.0417 0.0891 | 0.1435 0.2068 0.2811 0.3698 0.4773 0.6101 \0.7787 1.0000 
0.01794 0.03215 0.05275 0.06900 0.07150 0.06625 0.C5715 0.04720 0.03648 0.02694|0.01776 
0.01793) 0.01793 0.01792 0.0179: 0.01790 0.01789 0.01787 0.01785'0.01781; — 
0.01422 0.03482 0.05108 0.05359 0.04835 0.03926! ).02933 0.01863 0.00913 


(0.388) 0.518 | 0.565 | 0.519 0.463 0.424 | 0.430 | 0.515 | (1.08) | 
Mean 0.491 | | 
| 


(0.267) 0.220 | 0.201 | 0.239 | 
Mean 0.232 | 


0.01310,0.02162 0.03235 0.04095 0.04355 0.04174 0.03787 0.03268 ).02663|0.02048'0.01480) 
—  |0.01315,0.01321 0.01328 0.01336|0.01346/0.01352'0.01376|0.01399/0.01431| — 
0.00847 0.01914/0.02767 0.03019/0.02828 0.02428 0.01892 0.01264 0.00617, 


| 





: (0.281) 0.284 | 0.307 0.292 | 0.271 0.262 | 0.278 | (0.350); (0.731)| 
“%m)'2m Mean 0.282 
- : = (0.165) 0.145 | 0.136 | 0.161 | 

bins Mean | 0.147 | 

| — | 
0.01009|0.01548 0.02168 0.02670 0.02867 0.02832 0.02642 0,02369 0.01998,0.01601 0.01221 
— 0.01015 0.01023 0.01031 0.01042|0.01055|0.01071 0.01092|0.01120'0,01160  — 
| 
0.00533 0.01145 0.01639 0.01825 0.01777|0.01571'0.01277,0.00878,0.00441 


| 
(0.145) 0.170 | 0.182 0.177 | 0.170 | 0.170 (0.187) (0.243)! (0.522) 
Mean 0.174 


0.107 | 0.098 | 0.095 | 0.116 
Mean 0.104 


0.00800,0.01153 0.01539|0.01849 0.01991 0.02001 0.01906 0.01744 0.01519 0.01270,0.00997 
— 0.00806 0.00813 0.00821 0.00830!0.00842 0.00857 0.00877|0.00903/0.00940; — 
0.00347 0.00726 0.01028 0.01161 0.01159 0.01049 0.00867 0.00616|0.00330 


(0.095) 0.108 0.114) 0.118 | 0.111 | 0.113 (0.127) (0.170)| (0.391) 
Mean 0.112 


0.071 0.066 | 0.066 | (0.086) 
Mean | 0.068 
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Table 4.—(Concluded) 


z—C.H;OH 0.00 | 0.10 | 0.20 0.30 | 0.40 | 0.50 0.60 


0.70 | 0.80 | 0.90 , 1.00 


zm—C2H-OH | 0.0000 0 


-0417 | 0.0891 | 0.1435 | 0.2068 | 0.2811 | 0.3698 | 0.4773 0.6101 0.7787 1.0000 





0.00654 0.00896 0.01144 0.01353 0.01455 0.01475 0.01426 0.01328 0.01181 0.01022 0.00824 
— 0.00659 0.00665 0.00672 0.00680'0.00691 0.00704 0.00720 0.00743)0.00775 
0.00237 0.00479 0.00681 0.00775 0.00784 0.00722'0.00608 0.00438 0.00247 


7) 


40°C. 2 . (0.065) 0.071 | 0.075 | 0.075 | 0.075 | (0.078), (0.089) (0.121) (0.293) 
—Zm)"2m 
Mean 0.074 


0 


Gnas (0.054) 0.049 | 0.047 , 0.047 (0.065) 
Mean 0.048 
0.00549 0.00725 0.00896 0.01038 0.01116 0.01136 0.01109,0.01044 0.00950;0-00835 0.00695 


— (0.00553 0.00558 0.00565 0.00572 0.00580 0.00592 0.00606,0.00625,0.00653 
0.00172 0.00338 0.00473 0.00544 0.00556)0.00517 0.00438 0.00325|0.00182 


(0.047) 0.050 | 0.052 | 0.053 | 0.053 | (0.056); (0.064)| (0.099), (0.216) 
| Mean 0.052 
(0.038) 0.085 0.034 0.035 | (0.048) 
Mean 0.035 
0.00470 0.00602 0.00728 0.00826 0.00887 0.00904 0.00887/0.00841 0.00778/0.00695 0.00590 


|0.00474 0.00478 0.00483 0.00489 0.00496 0.00505 0.00517 0.00533 0.00555 
0.00128 0.00250 0.00343/0.00398 0.00408)0.00382 0.00324 0.00245)0.00140 


60°C. - (0.035) 0.037 | 0.038 0.039 0.039 (0.041) (0.047) (0.068) (0.166) 
(1—Zm)* 2m j 


Mean | 0.038 


ai: — 5 (0.028) 0 026 | 0.025 | 0.026 | (0.039) 
Mean 0.026 
0.00407 0.00509|0.00606 0.00677 0.00724 0.00739] 0.00727 0.00696|0.00648 0.00549|0.00506 


% - 0.00410) 0.00413 0.00417 0.00422 0.00428 0.00436 0.00446 0.00459 (0.00477 
é |0.00099 0.00193 0.00260,0.00302 0.00311,0.00291 0.00250 ,0.00189/0.00072 
} 


6 


é | : 
70°C. : . | (0.027) 0.029 0.029 | 0.029 0.030 (0.031) (0.037), (0.052) (0.085) 
Mean 0.029 


° (0.021) 0.020 0.019 0.020 | 0.019 
(1—Zm)° 2m 
Mean 0.020 
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Table 5. 


H2O—CH;COOH, International Critical Tables, V, 20. 


1.29 Zn 


% =” + (2—” 
1+ (—M) (1— Zm) + 1.29 Zm 


z—CH;COOH | 0.00 0.10 0.20: 0.30 0.40 0.50 | 0.60 0.70 | 0.80 0.90 | 1.00 | 


#=—CH,COOH | 0.0000) 0.0323 0.0658 0.1140 | 0.1677 | 0.2417 | 0.3104 0.4120 | 0.4737 | 0.7300 | 1.0000 | 


| —; 
0. -01145 0.01360 0. 01630 0. 0.019199. .02160 0.02475 |0.02765 0. 03020/0. 03105 0.02680)0.01356 
| — (0.011530. 01163 0. a117¢ 0.01187 0.01205|0.01220 0. 01242)0. 01256) 0.013044 — | 


| | 
15°C. é 0.002070. oo4er 0. 00736 0.00973)0. a 0.01545 0.01778)0. .01860|0.01376 


5 | 
= (0.066) 0. ad 0. 073 | 0.070 0.069 | 0.072 0.073 | 0.074 0.070 | 
| | 


(a —Zm)Zm 
"Mean 0.072 
'0.01009 0. 012100. 01415) 0. 01635)0. 01870 0. 02135 0. 02390 0. 02640. 02696 0.02310 
— |0. 01020)0. 01032, 0. 01045) 0. 01062 0. 01084' 0.01103 0 0131/0. 01147 0.01208 


0. 00190 0. 00883} 0.00590)0. 00808 0. -01051 0.01287,0.0150 9 0. 01548 0.01102 


| 0.061 0.059 | 0.058 | 0.058 | 0.057 | 0.060 0.062 | 0.062 | (0.056) 


(1—Zmn)Zm | | 


a Mean | 0.060 


0. 00895)0.01065 0. 012500. 01450/0. 01655 0.01870 0.02085 0. 02290)0. 02365) 0.02050/0.01155 
— |0: 00906 0. 00918 0. — 0.00949 0.00971 0. 009910. 01019 0. 01035} 0.01097} — 
0.00159 0. 00332 0. 00518) 0. aon 0.00899 0.010940. 01271) 0. cise0) 0.00953} 


0.051 | 0.051 0.051 | 0.051 | 0.049 0.051 | 0.053 | | 0.058 , 0.048 
Mean | 0.051 





(1—Zm)Zm | 


7 0. 00800)0. 00955) 0.01110)0. 12900. 01475 0.01660 0.01850 0. 02040). 02095 0. 01840) 0.01065) 


No ;— °. .0081 1|0.00823/0.00838 0.00855 0.00877 0.00897 0. 009260. 009420. 01006 ~— 
30°C. é 0.00144 0.00287 0.00452 0.00620 0.00783 0.00953 0.01114/0.01153 0.00834, 


: 0.046 | 0.044 | 0.045 0.044 | 0.043 | 0.045 | 0.046 | 0.046 0.042 | 
(1—Zm)Zm | | 
Mean 0.045 


% (0. 00721 ‘0. 00855, 0.010000. 01150 0. 01315, 0.01480 0. 016500. 01815001855 0.01655|0.00990 


No — |o. 00732 0. 00745 0. 00759 0.00776|0.00799 (0.00820 0. -01849)0. .00866|0.00930} — 


3 0. 00123 0. 00255) 0. saan -00539 0.00681 |0. O0ssT0. 00966)0. 00989) 0. 00725) 
: | 0.039 | 0.039 | 0.089 0.039 | 0.087 | 0.039 | 0.040 | 0.040 | 0.037 | 
(L—Zm)%m 
Mean | 0.039 
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z—CH;COOH 


2m—CH;COOH | 0.0000 | 0.0323 


0.00 | 0.10 


\0.00654/0.00780 
0.00665 
0.00115 


(0.087) 


(1 —2m)Zm 


(0.00597/0.00710 
0.00608) 
0.00102) 


(l—Zm)zm 


= 


| (0.083) 


Table 5.—(Continued) 


0.20 | 0.30 0.40 0.50 0.60 0.70 0.80 | 0.90 1.00 


0.0698 | 0.1140 | 0.1677 | 0.2417 | 0.3104 0.4120 | 0.4737 0.7300 1.0000 | 


0. 00905)0. 01040'0.01180)0.01325 0.014700. 01620/0. 01660 0.01490)0.00925 
0. 00678 0. 00692)0. 00709 0.00733) 0.00753 0. 00782 0. 00799 0.00864 
0. 00227 0. 00848 0.00471 0. es 0. 007170. mp 0061/0. — 


0.035 | 0. 035 | 0.034 | 0. 032 | 0.034 | 0.035 | 0.035 | 0.032 
Mean | 0.034 


0.00820|0.00940 0.01 060 0.01185|0.01320 0.01445 


0.00620|0.00685 0.00652 0.00674 0.00694/0.00728 
0.00200,0.00305|0.00408 0.00511/0.00626 0.00722 


| | 
0.031 | 0.030 | 0.029 | 0.028 | 0.029 | 0.030 | 
Mean | 0.029 


0.01485)0.01345 0.00865 


mpetent 0.00803 
0.00746|0.00542 


| 


0.030 | 0.028 


| 





0.00549 


0.00650) 
0.0065: 


10. 00090) 


| | (0. 029) 


| 
| 


(1—Zm)2m 
| 


0.00507/0.00600 
0.00517 


| 
| 
| 
| 
| 


| 


- 


'0.00470'0.00550 


— (0. -00479 


( .00071) 


| (0. 023) 


(1—Zim)2m 


(0.00437}0.00605 


0.00447 


0.00058 0.001 17/0.00184 0.00249 0.00314 |0.00376 


(0.019) 


0.00083, 
| (0.027) 





| 
0.01225 0.00810! 
0.00752 
0.00473 


0.00745 0. 00855 0.00965 0. 1080. -01190)0.01305)0.01340 
0.00572 0. 00586 0. 00603 0.00625 0. 00645)0. 00673) 0.00689 
0.00173)0. 002690. 00362) 0. 004550. 00545; 0. 00632 0.00651 


) 0.027 | 0.027 0.026 | 0.025 | 0.026 0.026 | 0. 026 | 
Mean _ 0.026 


| 2 


0.024 





0.00680 0.00775,0.00880 0.00985 0.01080 0.01195|0.0121 5 0.01125 0.00760 
0. 00529 0. 00543 0.00559 0.00581 |0.00600 0. 006270. -00643 0. 00704 
0. ee 0. 00282 0.00321 0.00404 0.00480 0 aan 00572 0.00421 


0.023 | 0.023 0.023 0.022 0.022 | 0.023 | 0.023 | 0.021 
Mean | 0.023 


0. 00625 0.00710,0.00800 0.00900) 0. 00995 0. 010900. 01105 . 01030) 0.00700 
0. 00490 0. 00503 0.00517 0.00537 0.00555 0.00579 0.00594'0.00649 
0. 00136 0. 00207 0.00283 0.00363 0. a 00511 (0. 0051110. 00381 


0.021 | 0.621 0.020 | 0.020 0.021 | 0.021 | 0.021 0.019 
Mean | 0.020 





| 
0.01010! 
0.00565 
0.00445) 


0.018 | 


0.00575)}0.00655 0.00735 0.00820 0.00900 
0.00458 0.00471 0.00486/0.00506 0.00524 


0.018 | 0.018 | 0.018 | 0.017 0.018 


Mean _ 0.018 
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Table 5.—(Concluded) 


| | 
} 














| z-CH,COOH | 0.00 | 0.10 0.20 0.30 0.40 0.50 | 0.60 | 0.70 | 0.80 | 0.90 1.00 
| 
| 
2m—CH;COOH 0.0000 0.0323 0.0698 0.1140 | 0.1677 0.2417 0.3104 0.4120 | 0.4787 | 0.7300 1.0000 
| 
n _ |0.00381/0.00440.0.00495,0.00560 0.00630 0.00700,0.00765, — {0.00855 — 0.00605 
} | | | 
ne —  |0.00390,0.00401 0.00413 0.00427 0.00446 0.00463 0.00501 - 
°C. 8 |0.00050 0.00094 0.00147 0.00203 0.00254 0.00302, \0.00354 
‘ “ | 0.016 0.015 | 0.015 0.015 0.014 | 0.014 | 0.014 
| —2m)Zm | 
Mean | 0.015 
| | an st . j ! 4 
n _|0.00336)0,00885 0.00435 0.00490 (0.00545 0.00605 0.00660, — 0.00740, — 0.00545 
Ne — {0.00845 0.00354 0.00366 0.00379 0.00897 0.00413 0.00448 - 
}85°C. 9a 0.00040 0.00081 0.00124 0.00166 0.00208 0.00247 0.00292 
ms. | 0.013 | 0.013 | 0.012 | 0.012 0.011 0.012 0.012 
(1— Zm)em 
Mean 0.012 
on ' athe | | | 
- 0.00299'0.00340 0.00385 0.00430 0.00475 0.00530 0.00575) 0.00640 — 0.00490 
mm | — {0.00307 0.0031610.00326'0.00338 0.00355 0.00369) 0.00402 = 
| 95°C. |0.00033 0.00069 0.00104 0.00137 0.09175 0.00206 0.00238 
| . : | 0.011 | 0.011 | 0.010 | 0.010 | 0.010 | 0.010 0.010 
Zm)Zm 
| Mean | 0.010 
Table 6. 
, ? 2.00 ° 
Molecular compound CHsOH-2H.0. log Cee, =2.964 + © < log (7%) . 
Temp. C. % % Cobs. Ceale. Tm 
F ——— 
20 0.01035 0.00607 0.065 0.069 | 6.3 
} 
30 0.00819 0.00541 0.047 0.047 | 4.3 
40 0.00668 0.00463 0.033 0.032 3.0 
50 0.00566 0.00406 0.025 0.024 2.2 
60 0.00495 0.00361 0.018 0.018 1.7 
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Table 7. 
- - 2.00 
Molecular compound C2H;OH-3H20. log Ceare,=3.191 +: j log (7772) . 
Temp. C. ny ho Cobs. Ceale. im 
0 | 0.01794 0.01776 0.491 0.498 73 
10 0.01310 0.01480 0.282 0.283 439 
20 0.01009 0.01221 0.174 0.174 270 
30 0.00800 0.00997 0.112 0.111 172 
40 0.00654 0.00824 0.074 0.074 115 
50 0.00549 0.00695 0.052 0.053 82. 
60 0.00470 0.00590 0.038 0.038 59 
70 0.00407 0.00506 0.029 0.029 45 
Table 8. 


1 


Molecular compound C;H;OH-2H:0. log Ceare. = 2.612 + ae log (7[%2) . 





Temp. C. ny Ne Cie Gi. tom 
0 0.01794 0.01776 | 0232 | 0265 | 108 
10 0.01310 0.01480 | 0.147 | 0.145 | 59 
20 | 0.01009 0.01221 | 0104 | 0.102 42 
| 30 =| 0.00800 0.00997 | 0.068 | 0.068 | 2 
40 0.00654 | 0.00824 0.048 | 0.048 20 
50 | 0.00549 | «= (0.00695 | 0.035 | 0.085 14 
60 0.00470 0.00590 | 0.026 0.026 11 
| 70 0.00407 0.00506 0.020 0.020 8.2 
} 
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Table 9. 


Molecular compound CH;COOH-H,O. log C.ai.. =2.065 + mee log (7%) . 
1- 


Temp. C. uy 2 Cobs. | Ceale. Ym 


15 0.01145 | 0.01350 0.072 0.073 8.5 
20 0.01009 0.01265 0.060 0.062 7.2 
25 0.00895 0.01155 0.051 0.052 6.0 
30 0.00800 0.01065 0.045 0.044 5.1 
35 0.00721 | 0.00990 0.039 0.038 4.4 
40 | 0.00654 0.00925 0.084 0.033 3.8 
45 | 0.00597 0.00865 0.029 0.029 3.4 
50 0.00549 0.00810 0.026 0.026 3.0 
55 0.00507 0.00760 0.023 0.023 2.7 
60 0.00470 0.00700 0.020 0.02 2.3 
65 0.00437 0.00675 0.018 0.018 2.1 
75 | 0,00381 ~=s|~—(0,00605 0.016 0.015 | 1.7 
85 0.00336 0.00545 0.012 0.012 1.4 
95 / 0.00299 0.00490 0.010 / 0.010 | 1.2 
As to the temperature variation of association degrees Ramsay and 
Shields calculated those of the abnormal liquids-water, methyl alcohol, 
ethyl alcohol and acetic acid from the deviation of their surface tension 
equation. Apart from the justification of their calculation for the ab- 
solute values of association degrees, we acknowledge from their results 
that the decreasing rates of molecular association of these liquids with 
rising temperature are nearly equal, temperature coefficients being —0.0030 
~—0.0035. 
A further test for methyl and ethyl alcohols with the viscosity data 
observed by Bingham, White, Thomas and Cadwell® affirms the fact. 
Moreover as already studied, the solvation viscosities of systems 
CH;,COOH-H.O, CH,OH-H.O and C.H;OH-H.O have high values in com- 
parison with ™ at moderate concentrations, it is quite sufficient to re- 
kode 
101 
temperature. In the above calculation, therefore, 


gard that in the calculation of % of each system is independent of 


10 
tem has been put to be the same value as obtained in the previous paper. 


in each sys- 


(4) W.Ramsay & J.Shields, Z. physik. Chem. 12(1893), 468; W. Ramsay, Z. 
physik. Chem. 15(1894), 113. 

(5) E.C. Bingham, G. F. White, A. Thomas, J. L. Cadwell, Z. physik. Chem. 83 
(1913), 652. 
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The Viscosity Coefficient of a Molecular Compound and its Stability 
Coefficient. 


As the theory demands, the proportional constant C in each system 
has proved to keep constancy for isothermal mixtures. The next study 
is its temperature variation. 

Since the proportional constant C must involve in it the term which 
corresponds to the viscosity of a molecular compound, it is expected that 
there may exist some relationship between C and the viscosities of com- 
ponents 7, and 7, and if any, the component viscosities may probably 


take part in the form »,"'7," as considered from the composition term 
(1—Zm)"! Zm’?. Then we may put C in the following form: 


m 


C = Co") “te, 


where C, and m are constants independent of temperature. 


The test of the postulation with the molecular compounds in the above 
three pairs is extremely good. The results of the calculation are tabulat- 


ed in Tables 6, 7, 8 and 9. 
Transform the expression into 


m 


C . (7"'72"") “ite , 


Co 


The left-hand side of the equation is no other than the viscosity coefficient 
of a molecular compound and let it be denoted by 7,,, then 


mm 
Dm _ (7,"172"*) “ahve , 


or taking logarithms of both sides 


_ log + = 


log % = ™ 
lon + w w+ 


Kendall showed, with eighty four mixtures of presumably non- 
associated and chemically indifferent liquids, that the deviation from the 
straight line is generally least when the composition in the Arrhenius 


(6) J. Kendall, Medd. K. Vetenskapsakad. Nobelinst. 2, No. 25 (1913), 1. 
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logarithmic formula is expressed as molar fraction, i.e. in the same con- 
centration as above 


YI 


log 7 = log 7; + 


vy + w yt 


The average divergence of this formula from the observed viscosity 
values is estimated by him to be +2.3% or m= 1=+0.02. 


Comparing (1) with (2) it is understood that the greater the dif- 
ference of m from unity the more stable the molecular compound may 
be in the mixture. The m is called hereafter “the stability coefficient” 
of a molecular compound. In the following table are summarized the 
stability coefficients of the molecular compounds above studied. 


Molecular compound m 
CH,0OH - 2H.O 2.00 
C.H;OH - 3H,O 2.00 
C.H;OH - 2H,O 1.83 
CH;COOH - H,O 1.68 


Among the four hydrates the hydrates C.H;OH-3H.0 has 7»,, of the 
greatest value which suggests the possibility of crystallization of this 
hydrate at lower temperatures. In fact, Tammann and Pillsbury re- 
ported to yield transparent crystals of a hydrate by cooling the mixtures 
of 34-43 wt. % (20-30 mol %) alcohol which they attributed to a tetra- 
hydrate, simply considering the admixing composition, but observed no 
separation of crystalline hydrates of methyl alcohol and acetic acid. The 
writer also observed transparent crystals of cubic system by cooling the 
mixtures of molar ratios of from 1C.H;0H:1H.O to 1C.H;OH :4H.O 
with solid carbon dioxide and alcohol freezer. From the writer’s view- 
point of the present study, however, this hydrate of ethyl alcohol is un- 
doubtedly a trihydrate. 


The Institute of Physical and Chemical Research, 
Hongo, Tokyo. 


(7) G.Tammann & M.E. Pillsbury, Z. anorg. allg. Chem. 172 (1928), 243. 
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A VISCOSITY FORMULA FOR BINARY MIXTURES, THE 
ASSOCIATION DEGREES OF CONSTITUENTS BEING 
TAKEN INTO CONSIDERATION. VIII. 


By Tetsuya ISHIKAWA. 
Received June 23rd, 1933. Published September 28th, 1933. 


If the writer’s viscosity formula for chemically indifferent mixtures 
is assumed rigorously valid, it,may be also applicable to a binary mix- 
tures, each component of which is composed of a homogeneous mixture 
of two or more chemically indifferent liquids. A typical case of such 
mixture is a binary mixture of lubricating oils. The problem to make 
up a mixture having a desired viscosity from lubricating oils light and 
heavy is of technical importance, but few attempts have been done to find 
a satisfactory formula by which the viscosity of a blended lubricant may 
be calculated from the viscosities of its components. 

Quite recently Epperson and Dunlap studied the viscosities at 
210°F. of lubricating oils prepared from the fractions of Midcontinent 
and Pensylvania oils, together with the cryoscopic study of their mole- 
cular weights, and came to the conclusion that Kendall and Monroe’s 
cube-root formula is in close agreement with observed values but gives 
a few per cent divergence. 

The present paper is the results of the test of the writer’s formula 
by use of Epperson and Dunlap’s data. In the following table a. 
denotes the calculated values from the writer’s formula, 9, those from 
Kendall and Monroe’s formula, and m the ratios of logarithms of mea- 
sured viscosities to those calculated from Kendall’s logarithmic formula 
for reference to the preceding study on the stability coefficient. 


Table 1. 
Shell oil 4 (symbol D)—Shell oil 1 (symbol A). 


| 
ko Qe | 4—Neale. n- 


- Teale 100| nx TE >< 100 | 
1% . ' 


0.2682 —0.81 

0.2044 —4,22 

0.1293 —3.51 

0.0915 —9.44 

6 | 0.0688 —2.13 

0.0571 | = 








E. R. Epperson & H. L. Dunlap, Ind. Eng. Chem. 24(1932), 1369. 








0.000 
0.208 
0.376 
0.618 
0.690 
1.000 
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Table 2. 
Shell oil 3 (symbol C)—Shell oil 1 (symbol A). 


= ete, | 200| ww |2—@ x00 
kya, | q zB. 


0.1655 - 
0.1416 | 0.1404 0.1355 
0.1168 | 0.1182 0.1113 
0.1003 | 0.1005 0.0936 | 
0.0853 0.0849 0.0794 | 
0.0571 - | 


Table 3. 
Shell oil 4 (symbol D)—Shell oil 2 (symbol B). 


7 


VNR 100 
n 


ks» de 


kya, 


—“eale. 
100) ome 


| 
| 


0.2872 
0.2484 
0.1967 
0.1822 





Table 4. 
Standard oil 2 (symbol F)—Standard oil 1 (symbol E). 


ko Ao | %— “Neale. 
kya, | 7 
} 


qy—7 


x100 om =—| “-™* x100 
i 


0.2767 t 0.2726 
0.2235 0.2168 
0.1711 0.1632 
0.1331 — 0.1261 


0.975 
0.953 
0.952 
0.952 
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Table 5. 
Standard oil 2 (symbol F)—Shell oil 1 (symbol A). 


ko Ae ks ay | "—N%eale. 

kya, | \k,@)’eale. 4 — 
0.3659 (0.85) — 
0.3094 0.92 1.05 0.3034 
0.2376 1,22 1.22 0.2376 
0.1860 1.36 1.36 0.1860 
0.1250 1.56 1.55 0.1255 
0.0888 1.54 1.71 0.0859 
0.0571 (1.86) 


Table 6. 
Shell oil 4 (symbol D)—Standard oil 1 (symbol E). 


ky a, ko 2 


ky ay ky a, ‘ cale. 


0.3391 (1.30) ; 
0.2655 1.45 0.2655 
0.2087 1.57 0.2094 
0.1544 1.71 0.1650 
0.1210 1.82 0.1205 
0.0745 (2.02) _ 


kote 


For the first four pairs the constancy of is quite satisfactory 


a 
in each case and the calculated viscosity values dane from the mean value 
of them are concordant with the observed values. As to the last two 
kode 
kya, 
vary linearly with concentrations, which suggest that these mixtures are 
chemically reactive and either of the components may suffer molecular 


dissociation. As the study on the molecular dissociation has been done 


pairs i.e. the mixtures of Shell and Standard oils, the values of 


in part IV,® it may be enough here to show that the values taea — 1.86 


Cra 


kee _ 1.30 out of the extrapolated values at z,,—0 and z,,—1 


and 
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of each system suffice the condition: 


kada _ kaa krar kear 
kpap krar krae kpap 


From these and the remaining values we may acknowledge that 
A(Shell 1) dissociates in F(Standard2) and D(Shell 4) dissociates in 
E(Standard 1), the degrees of molecular dissociation of the former at 
infinite dilution of the latter being 0.54 and 0.36 respectively. 

Before this manuscript is sent to press, I found the unfortunate 
communication given by Dunlap (Jnd. Eng. Chem. 25 (1933), 592-3) 
that the above viscosities were values substituted for D. sp. grs. at 
60°F. instead of those at 210°F. in the Herschel equation: 


”? _ 9,0022t— us 


D 


As it is highly probable, however, that similar oils have almost equal 
values of the temperature coefficient of viscosities, no serious error may 
; ; » koa 1—zn)(7—) . 
occur in the calculation of ~*~? - : \", the constancy of which 
kya, Zm(22—) 
is the criterion of the validity of the writer’s formula for physical mix- 
tures. 
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